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(57) ABSTRACT

A radio frequency (RF) filter includes an input port config-
ured to recerve a signal, an output port configured to output a
signal, and a tuning probe configured to be movable within a
tuning probe port to adjust filter characteristics. The tuning
probe port 1s configured to receive the tuning probe therein,
and a locking mechanism 1s configured to lock the tuning
probe 1n the tuning probe port at a desired depth and further
configured to prevent movement of the tuning probe in the
tuning probe port when the locking mechanism 1s in a locked
configuration.

16 Claims, 6 Drawing Sheets
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LOCKING DEVICE FOR A RADIO
FREQUENCY FILTER TUNING PROBE

BACKGROUND OF THE DISCLOSURE

1. Field of the Disclosure

The disclosure relates generally to a filter tuning probe for
a radio frequency device. More particularly, the disclosure
relates to a filter tuning probe for a radio frequency device
having a locking device.

2. Related Art

With the increasing growth of wireless communications,
the use of lower power radio frequency (RF) transmitters to
{11l in presently unserved areas 1s also increasing. Whether the
application 1s broadcast TV, cellular phone service, wireless
broadband access or many others, the availability of cost
elfective equipment for deployment of these lower power
sites 1s critical. One of the key components for many of these
sites will be the filter devices used on an output of the trans-
mitters to maintain compliance with regulatory guidelines
limiting the out-oi-band signal levels that may cause interfer-
ence to other channels.

One of the desired features for cost effective, low power
filter design 1s the ability to use common components 1n
multiple channel applications and for components 1n other
various Irequency applications. For example, using the same
enclosure for the filter cavities over a wide band of frequen-
cies such as the UHF TV band (470 MHz-860 MHz), VHF
frequency bands, FM frequency bands, wireless frequency
bands, GHz frequency bands, and the like. However, for each
individual channel within that band, the optimum physical
s1ze 15 not constant. Therefore, some adjustment must be
available to allow tuning of the cavities for each specific
channel and application. Additionally, 1t 1s desirable that a
filter have the capability of being retuned for a different
channel 11 the application it 1s being used for changes in the
future.

Typically, determination of the desired tuning probe pen-
etration depth 1s an 1terative process. Present state of the art
utilizes flexible contact devices such as watchband springs
and contact finger stock. These devices can be both costly and
require machining of support grooves and/or attachment

hardware to assemble. These approaches require the use of

custom designed tubing or rod materials for the tuning probe
that substantially adds to the cost.

Accordingly, there 1s a need for cost effective manufactur-
ing of these filters while maintaining compliance to out-oi-
band emissions.

SUMMARY OF THE INVENTION

The foregoing needs are met, to a great extent, by the
invention, with a filter that addresses the need for cost effec-
tive manufacturing while maintaining compliance to out-oi-
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band emissions. In particular, the invention addresses one of 55

the more costly assemblies associated with tuning of each
filter cavity, 1.e., the capacitive probe or resonator (tuning
probe). Insertion of a tuning probe into a filter cavity changes
the electrical characteristics of the filter cavity according to

course, requires a repeatable electrical contact between the

tuning probe and the cavity wall after multiple movements of

the tuning probe. The mnvention advantageously allows the
use of commonly found sizes of copper tubing or rod which
significantly reduces the cost of assembly.

In one or more aspects, a radio frequency (RF) filter
includes an mnput port configured to recerve a signal, an output

the amount of penetration into the cavity. This effect, of 60
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port configured to output a signal, a tuning probe configured
to be movable within a tuning probe port to adjust filter
characteristics, the tuning probe port 1s configured to recerve
the tuning probe therein, and a locking mechanism configured
to lock the tuning probe 1n the tuning probe port at a desired
depth and further configured to prevent movement of the
tuning probe 1n the tuning probe port when the locking
mechanism 1s 1n a locked configuration.

The locking mechanism may include a threaded portion,
and wherein the tuning probe port comprises a threaded por-
tion that cooperates with the locking mechanism threaded
portion to provide the locked configuration. The locking
mechanism further may include a slot in the threaded portion;
and the threads may include tapered threads. The locking
mechanism further may include a plurality of flat sides con-
figured for engagement with a tool. The flat sides of the
locking mechanism further may include a slot configured to
allow an 1nner diameter of the locking mechanism to increase
to provide an unlocked configuration or decrease to provide
the locked configuration. The filter may further include at
least one fixed resonator configured to be received 1n a filter
resonator port. The tuning probe may include a hollow cylin-
drical body. The tuning probe may include an 1nner end cap,
a centering sleeve, and an outer end cap. The radio frequency
(RF) filter may 1include a connector configured to connect the
inner end cap, the centering sleeve, and the outer end cap. A
wireless communications system may include the radio fre-
quency (RF) filter as noted above.

Another aspect of the invention, a radio frequency (RF)
filter includes an mput port configured to receive a signal, an
output port configured to output a signal, a tuning probe
configured to be movable within a tuning probe port to adjust
filter characteristics, the tuning probe port 1s configured to
receive the tuning probe therein, and a locking means for
locking the tuning probe in the tuning probe port at a desired
depth and further configured to prevent movement of the
tuning probe in the tuning probe port when the locking means
1s 1n a locked configuration.

The locking means may include a threaded portion, and
wherein the tuning probe port comprises a threaded portion
that cooperates with the locking mechanism threaded portion
to provide the locked configuration. The locking means may
turther include a slot 1n the threaded portion; and the threads
may include tapered threads. The locking means may further
include a plurality of flat sides configured for engagement
with a tool. The flat sides of the locking means further may
turther include a slot configured to allow an inner diameter of
the locking means to increase to provide an unlocked con-
figuration or decrease to provide the locked configuration.
The radio frequency (RF) filter may further include at least
one fixed resonator configured to be received 1n a filter reso-
nator port. The tuning probe may include a hollow cylindrical
body. The tuning probe may include an inner end cap, a
centering sleeve, and an outer end cap. The radio frequency
(RF) filter may further include a connector configured to
connect the mner end cap, the centering sleeve, and the outer
end cap.

There has thus been outlined, rather broadly, certain
aspects of the invention 1n order that the detailed description
thereol herein may be better understood, and 1n order that the
present contribution to the art may be better appreciated.
There are, of course, additional aspects of the invention that
will be described below and which will form the subject
matter of the claims appended hereto.

In this respect, before explaining at least one aspect of the
invention in detail, 1t 1s to be understood that the invention 1s
not limited 1n 1ts application to the details of construction and
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to the arrangements of the components set forth 1n the fol-
lowing description or 1llustrated 1n the drawings. The mven-
tion 1s capable of aspects 1n addition to those described and of
being practiced and carried out 1n various ways. Also, 1t 1s to
be understood that the phraseology and terminology
employed herein, as well as the abstract, are for the purpose of
description and should not be regarded as limiting.

As such, those skilled in the art will appreciate that the
conception upon which this disclosure 1s based may readily
be utilized as a basis for the designing of other structures,
methods and systems for carrying out the several purposes of
the invention. It 1s 1mportant, therefore, that the claims be
regarded as including such equivalent constructions insofar
as they do not depart from the spirit and scope of the mven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a top view of a radio frequency filter constructed
according to an embodiment of the invention.

FI1G. 2 1s aleft side view of the radio frequency filter of FIG.
1.

FIG. 3 1s 1sometric view of a tuning probe constructed
according to an embodiment of the 1nvention.

FIG. 4 1s a side view of the tuning probe constructed
according to FIG. 3.

FIG. 5 15 an exploded view of the tuning probe constructed
according to FIG. 3.

FIG. 6 15 an 1sometric view of a locking device constructed
according to an embodiment of the invention.

FIG. 7 1s another 1sometric view of the locking device
constructed according to FIG. 6.

FIG. 8 1s a side view of the locking device constructed
according to FIG. 6.

FIG. 9 1s a bottom view the locking device constructed
according to FIG. 6.

FI1G. 10 1s a similar radio frequency filter that has six tuning,
probes nstalled along one side constructed according to the
invention.

FI1G. 11 1s a close-up view ol two tuning probes constructed
according to FIG. 10.

FIG. 12 1s a close-up view of the tuning probe locking
device constructed according to FIG. 10.

DETAILED DESCRIPTION

FIG. 1 1s a top view of a radio frequency {ilter constructed
according to an embodiment of the invention; and FIG. 2 1s a
left side view of the radio frequency filter of FIG. 1. In
particular, FIGS. 1 and 2 present a top view and a left side
view, respectively, of a radio frequency (RF) filter 200
according to an embodiment of the invention. Filter 200 may
include, inter alia, an mput port 202, an output port 204 and
several tuning probe ports disposed along one side of the filter
200. In this embodiment, six tuning probes 100 are 1nstalled
along a first side of filter 200, and a locking device 10 secures
cach tuning probe 100 to filter 200 at the desired depth. Of
course any number of tuning probes, different installation
depths, different probe diameters, etc. are also contemplated
by the invention. Additionally, the tuning probe configuration
and arrangement may vary greatly within the principles of the
invention.

Filter 200 may also include several couplers 210, disposed
in respective coupler ports along a second side. It should be
noted, that the coupler ports are not necessary for the mven-
tion, the invention could be practiced without such. Addition-
ally, i the coupler ports are included in the filter 200, they
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may be positioned differently and configured ditferently than
1s shown 1n the figures. Additionally, 11 couplers 210 are
implemented 1n the filter 200, the couplers 210 may also be
implemented with probes having a construction similar to
probe 100 1n that the depth can be varied in order to adjust the
field and a locking device 10 may be used to lock the probe
100 1n a desired position.

FIG. 3 1s 1sometric view of a tuning probe constructed
according to an embodiment of the invention; FIG. 4 1s a side
view of the tuning probe constructed according to an embodi-
ment of the mvention; and FIG. 5 1s an exploded view of the
tuning probe constructed according to an embodiment of the
invention. More specifically, FIGS. 3, 4 and 5 present an
1sometric view, a side view and an exploded view, respec-
tively, of a tuning probe 100 according to an embodiment of
the mvention.

Tuning probe 100 may include a hollow cylindrical body
110 with openings at either end. However other geometric
configurations are contemplated as well. The tuning probe
100 may further include an inner end cap 120 disposed within
the lower end of body 110, a centering sleeve 122 disposed
between the inner end cap 120 and the body 110, and an outer
end cap 140 enclosing the upper end of body 110.

The tuning probe 100 may further include a mechanism to
connect all the tuning probe 100 components together. In one
aspect, a threaded rod 130 may be attached to the inner end
cap 120 at one end and extend through a threaded opening of
the outer end cap 140 at the other end. However, other types
of configurations may be mmplemented to connect all the
components. The tuning probe 100 may also include one or
more mechanical fasteners 150, such as one or more nuts,
wing nuts, etc., to secure the components of tuning probe 100
together. However, any type of structure that fastens the com-
ponents of tuning probe 100 together 1s also contemplated by
the imnvention including adhesives, welding, unitary construc-
tion, and the like.

Generally, body 110, inner end cap 120 and outer end cap
140 may be made from an electrically conductive material
such as copper, which 1s used 1n a preferred embodiment. The
sleeve 122 can be made from Polytetrafluoroethylene (PTFE)
also known as Tetlon®. The threaded rod 130 can be made
from a metal or metal alloy having a low coetficient of thermal
expansion, such as a nickel steel alloy, and the like. The outer
end cap 140 may be attached to the upper end of the body 110
by soldering, etc., and the mechanical fastener 150 may be
tightened against the outer end cap 140, which secures the
threaded rod 130 1n place. Additionally, 1n some 1mplemen-
tations sleeve 122 may not be utilized. Furthermore, the end
cap 120 may be modified for use in such an implementation.
Implementations operating without the sleeve 122 may be
based on different designs, different powers, and the like.

Locking device 10 1s slidingly disposed on the outside of
body 110 below the outer end cap 140, and, as noted above,
secures tuning probe 100 to filter 200 at a desired penetration
depth.

FIG. 6 1s an 1sometric view of a locking device constructed
according to an embodiment of the mvention; FIG. 7 1s
another 1sometric view of the locking device constructed
according to an embodiment of the invention; FIG. 8 1s a side
view of the locking device constructed according to an
embodiment of the invention; and FIG. 9 1s a bottom view the
locking device constructed according to an embodiment of
the mvention. In particular, FIGS. 6, 7, 8 and 9 present two
1Isometric views, a side view and a bottom view, respectively,
of a locking device 10 according to an embodiment of the
ivention.

[
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The locking device 10 1s configured to lock the tuning
probe 100 with respect to the filter 200. It1s contemplated that
the locking device 10 can take any known form to limit
movement of the tuning probe 100. In a particular aspect, the
locking device may include a lock ring 20 and a lock body 30
that has an iner surface 22 whose diameter may be substan-
tially the same as the outer diameter of tuning probe body
110.

In one embodiment, lock body 30 1s formed from a short
length of hollow copper tubing. The outer diameter of lock
body 30 may include threads 32 that mate with matching
threads 1n the filter tuning probe port. In one embodiment,
lock ring 20 1s a hexagonal nut with six faces 24, and 1is
attached to the upper end of body 30 to provide mechanical
purchase during installation of the tuning probe 100 1nto the
filter tuning probe port. The filter tuning probe ports also may
include corresponding threads that cooperate with the threads
32. In a particular implementation, the threads 32 may be
configured as tapered threads. When utilized, the lock body
30 as 1t 1s rotated will cooperate with the threads 32 of the
filter tuning probe port and will gradually move into the filter
tuning probe port. As the lock body 30 moves into the filter
tuning probe port, the inner diameter of the lock body 30 will
gradually decrease due to the tapered nature of the threads 32
and accordingly lock the tuning probe 100 with respect to the
filter tuning probe port, lock body 30, and the filter 200. Other
lock ring 20 configurations are also contemplated, e.g., dii-
ferent numbers of faces, wing nut-type extensions, a circular
circumierence with a knurled edge, etc. A slot 12 may extend
along lock body 30 and lock ring 20 to allow locking device
10 to expand when assembled to tuning probe 100. A slot 14
may extend along lock body 30, but not lock ring 20, to
provide additional symmetrical compression of tuming probe
100 when the assembly 1s tightened into the filter tuning probe
port. In a preferred embodiment, slot 14 1s located about 180°
from slot 12. However the angle between slot 14 and slot 12
can be any angle including 90°. Additionally, there may be
multiple slots 12 and no slots 14; multiple slots 14 and no slots
12; a single slot 12; or a single slot 14. Other configurations
are also contemplated.

Locking device 10 advantageously provides both mechani-
cal stability and electrical contact between tuning probe 100
and the cavity wall of the filter tuning probe port. To adjust the
penetration of tuning probe 100 1nto filter 200, locking device
10 15 loosened until tuning probe 100 moves freely, the tuning
probe can then be positioned at a desired position, and then
locking device 10 1s re-tightened to secure tuning probe 100
1n a new position.

FI1G. 10 1s a similar radio frequency filter that has six tuning,
probes installed along one side constructed according to the
invention; FIG. 11 1s a close-up view of two tuning probes
constructed according to the invention; and FIG. 12 1s a
close-up view of the tuning probe locking device constructed
according to the invention. In particular, FIGS. 10, 11 and 12
show a similar RF filter that has six tuning probes installed
along one side, a close-up of two tuning probes and a close-up
view of a tuning probe locking device, respectively.

More specifically, FIG. 11 shows the locking device 10
arranged 1n the filter 200 holding the tuning probe 100
securely locked within the port of the filter 200. Additionally,
FIG. 12 shows close-up details of the tuning probe 100
arranged 1n a port of the filter 200 and being locked inplace by
the locking device 10.

Additionally, 1t should be noted that the tuning probe 100
and the locking device 10 may be implemented 1n a number of
different devices. The reference above to a radio frequency
filter 1s merely exemplary. The tuning probe 100 and locking
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device 10 of the invention can be used 1n any type of RF
device to modify the internal radio frequency fields. Imple-
mentations include coaxial lines, wavegumides, variable RF
transformers, devices having resonators, and any device
needing to have adjustment of the field based on the depth of
a component.

The many features and advantages of the invention are
apparent from the detailed specification, and, thus, 1t 1s
intended by the appended claims to cover all such features
and advantages of the mvention which fall within the true
spirit and scope of the invention. Further, since numerous
modifications and variations will readily occur to those
skilled 1n the art, 1t 1s not desired to limit the invention to the
exact construction and operation illustrated and described,
and, accordingly, all suitable modifications and equivalents
may be resorted to that fall within the scope of the invention.

What 1s claimed 1s:

1. A radio frequency (RF) device comprising:

an iput port configured to receive an mput signal;

an output port configured to output an output signal;

a tuning probe configured to be movable within a tuning

probe port to adjust filter characteristics;

the tuning probe port 1s configured to receive the tuning

probe therein; and
a locking mechanism configured to lock the tuning probe in
the tuning probe port at a desired depth and further
configured to prevent movement of the tuning probe 1n
the tuning probe port when the locking mechanism 1s 1n
a locked configuration,

wherein the locking mechanism further includes a plurality
of flat sides configured for engagement with a tool; and
wherein the flat sides of the locking mechanism further
comprise a slot configured to allow an inner diameter of
the locking mechanism to increase to provide an
unlocked configuration or decrease to provide the
locked configuration.

2. The radio frequency (RF) device according to claim 1
wherein the locking mechanism comprises a threaded por-
tion; and wherein the tuning probe port comprises a threaded
portion that cooperates with the locking mechanism threaded
portion to provide the locked configuration.

3. The radio frequency (RF) device according to claim 2
wherein the locking mechanism further comprises the slot in
the threaded portion.

4. The radio frequency (RF) device according to claim 1
comprising at least one fixed coupler configured to be
received 1n a filter coupler port.

5. The radio frequency (RF) device according to claim 1
wherein the tuning probe comprises a hollow cylindrical
body.

6. The radio frequency (RF) device according to claim 1
wherein the tuning probe comprises an mnner end cap, a cen-
tering sleeve, and an outer end cap.

7. The radio frequency (RF) device according to claim 6
further comprising a connector configured to connect the
inner end cap, the centering sleeve, and the outer end cap.

8. A wireless communications system comprising a filter
having the radio frequency (RF) device according to claim 1.

9. The radio frequency (RF) filter according to claim 1
wherein the tuning probe comprises an inner end cap, a cen-
tering sleeve, and an outer end cap.

10. The radio frequency (RF) filter according to claim 9
further comprising a connector configured to connect the
inner end cap, the centering sleeve, and the outer end cap.

11. A radio frequency (RF) filter comprising:

an iput port configured to receive an mput signal;
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an output port configured to output an output signal; a
tuning probe configured to be movable within a tuning
probe port to adjust filter characteristics;

the tuning probe port 1s configured to recerve the tuning
probe therein; and

a locking means for locking the tuning probe 1n the tuning,
probe port at a desired depth and further configured to
prevent movement of the tuning probe in the tuning
probe port when the locking means 1s 1n a locked con-
figuration,

wherein the locking means further includes a plurality of
flat sides configured for engagement with a tool; and
wherein the flat sides of the locking means further com-
prise a slot configured to allow an mner diameter of the
locking means to increase to provide an unlocked con-
figuration or decrease to provide the locked configura-
tion.

10
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12. The radio frequency (RF) filter according to claim 11
nerein the locking means comprises a threaded portion; and

nerein the tunming probe port comprises a threaded portion

that cooperates with the locking mechanism threaded portion
to provide the locked configuration.

13. The radio frequency (RF) filter according to claim 11

wherein the locking means further comprises the slot 1n the
threaded portion.

14. The radio frequency (RF) filter according to claim 11

comprising at least one fixed coupler configured to be
received 1n a filter coupler port.

15. The radio frequency (RF) filter according to claim 11

wherein the tuning probe comprises a hollow cylindrical
body.

16. A wireless communications system comprising the

radio frequency (RF) filter according to claim 11.
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